Introduction
Inflammatory breast cancer (IBC) is a rare subtype of breast cancer that accounts for 2%-5% of all breast cancers. It has a highly virulent course with a low 5-year survival rate of 25%-50% (1) . Trimodality treatment that includes preoperative chemotherapy, mastectomy, and radiation therapy is the therapeutic mainstay and has been shown to improve prognosis (2) (3) (4) . Proper diagnosis and tumor staging is critical to designing the best treatment approach for patients with IBC and requires a multidisciplinary approach that includes imaging (5 This article discusses the clinical presentation of patients with IBC, the major differential diagnoses, and the critical role of imaging in treatment of patients with IBC. Imaging is used to help diagnose IBC, direct biopsy, stage and restage disease, plan chemotherapy, assess therapeutic response, plan surgery and radiation therapy, and detect recurrence.
The Dana-Farber Cancer Institute has established the Inflammatory Breast Cancer Program to emphasize and optimize multidisciplinary care of patients with IBC. The treatment team includes medical, surgical, and radiation oncologists; radiologists; pathologists; oncology nurses; pharmacists; social workers; and nutritionists.
Clinical Presentation
Patients with IBC characteristically present with rapid onset of symptoms that have developed within 3 months (5). Breast erythema and edema, often with no palpable mass, typically may involve one-third or more of the breast (Fig  1a) . Another commonly seen clinical finding is peau d'orange, a French term meaning "skin of an orange" that describes the pitted, dimpling skin caused by tumor emboli that obstruct the dermal lymphatics (Fig 1b) (6, 7) . The breast often is enlarged, warm, and tender, symptoms that mimic inflammation, but there is no true inflammatory component to IBC.
At presentation, 20%-40% of patients will have distant metastases, often to the lungs, liver, bone, or brain, a finding that reflects the very aggressive nature of IBC (8).
Differential Diagnosis
The major differential diagnosis for IBC is breast infection, such as mastitis, with or without an abscess. Mastitis often manifests as cutaneous breast erythema, edema with skin thickening, and fever. If a focal lump or skin fluctuance is seen, ultrasonography (US) may be performed to determine whether there is an accompanying abscess. If an abscess is seen at US, prompt percutaneous drainage under clinical or US guidance is necessary to decrease the bacterial load and facilitate recovery with antibiotic treatment, either oral or intravenous depending on the severity of the infection. The most common cause of infectious mastitis is bacterial infection such as Staphylococcus aureus, Staphylococcus epidermidis, or Streptococcus. Other rare causes include anaerobic infection or granulomatous disease such as tuberculosis. If abscess drainage is performed, the aspirate should be sent for Gram stain and culture (aerobic and anaerobic) so that antibiotic treatment can be tailored to the specific organism.
If there is no response or an incomplete response to antibiotic treatment within 1-2 weeks, malignancy such as IBC should be considered. Both tissue diagnosis of malignancy and clinical evidence of inflammatory disease are required to confirm the diagnosis of IBC. Figure 2 is an example of a patient with high clinical suspicion for IBC who underwent multiple biopsies that were negative for malignancy. She was diagnosed with a left breast abscess that resolved after prolonged antibiotic therapy.
The differential diagnosis also may include non-IBC locally advanced breast cancer (LABC). Axial dynamic postcontrast magnetic resonance (MR) image shows skin thickening, edema, and a 2.8-cm rim-enhancing mass (arrow). Enlarged lymph nodes also were seen. Two US-guided core biopsies and a skin punch biopsy were negative for malignancy. Because of high clinical suspicion for IBC, the patient underwent surgical biopsy that demonstrated benign breast parenchyma with chronic inflammation, fat necrosis, and fibrosis, findings consistent with breast abscess. Gram stain, culture, and acid-fast bacillus stain were negative. The abscess completely resolved after 2 months of antibiotic therapy.
The key feature that differentiates IBC from non-IBC LABC is the onset of symptoms. Symptoms of IBC develop within 3 months or less, whereas symptoms of non-IBC LABC typically develop over a more protracted period. Figure 3 is an example of a patient with non-IBC LABC whose symptoms developed for 2 years before presentation.
Differentiating

Primary IBC from LABC
Primary IBC has a different clinical manifestation, different molecular characteristics, and a different prognosis than LABC (Table) . IBC typically has a rapid onset of classic symptoms, manifests in a younger patient population (average age at diagnosis, 58 years), grows and spreads quickly, and is associated with a 20%-40% rate of distant metastases at presentation (1). In contrast, non-IBC LABC has a longer course of onset, manifests in an older patient population (average age at diagnosis, 66 years), progresses more slowly, and has a 10% rate of distant metastases at presentation. When non-IBC LABC enlarges or is located more superficially within the breast, it may involve the skin and cause secondary erythema and skin induration, symptoms that mimic the classic characteristics of IBC. Skin biopsy results often cannot differentiate the two forms of breast cancer. Dermal lymphatic invasion also can occur in other stages of breast cancer.
The molecular characteristics of IBC differ from those of LABC. IBC is associated with the more proliferative intrinsic molecular subtypes of breast cancer, with 40% of tumors HER2 positive and up to 50% of tumors triple negative (ER negative, progesterone receptor [PR] negative, and HER2 negative) (9) . In contrast, non-IBC LABC often is associated with more favorable molecular subtypes, such as ER positive and HER2 negative tumors. IBC has more than 60% mutated p53 tumor suppressor gene, while LABC has 30% mutated p53 gene (10) . In IBC, two genes are concordantly altered: there is overexpression of RhoC and loss of WISP3, leading to increased tumor invasion and metastases (11) . Increased angiogenesis is seen in IBC and correlates with a high level of vascular endothelial growth factor, which is the most potent stimulator of tumor angiogenesis (12) (13) (14) (15) (16) . E-cadherin and dysfunctional MUC-1 are overexpressed in IBC and contribute to formation of tumor emboli and increased metastases (17) .
Patients with IBC have a poorer prognosis than those with non-IBC LABC. The 2-year breast cancer-specific survival rate is 84% for patients with IBC compared with 91% for those with LABC (18) .
Because of the differences between IBC and non-IBC LABC and to improve prognosis for patients with IBC, increased emphasis has been 2-year breast cancer-specific survival rate = 91%
Note.-ER = estrogen receptor, HER2 = human epidermal growth factor receptor 2, VEGF = vascular endothelial growth factor.
placed on developing molecularly targeted therapy specific for IBC.
Skin Punch Biopsy
The pathologic hallmark of IBC is dermal lymphatic involvement (6, 7) . Tumor emboli in the papillary and reticular dermis of the skin are the direct cause of the clinical characteristics of inflammatory carcinoma. Carcinoma blocks the lymphatics and causes breast edema and erythema. Although these skin changes mimic inflammation, there is no true inflammation. Skin punch biopsy may be performed by a dermatologist or surgeon. The results are positive for malignancy in approximately 75% of patients, but skin punch biopsy is not required for diagnosis. Figure 4 provides an example of pathologic findings from skin punch biopsy in a patient with IBC.
Role of Imaging in Diagnosis of IBC Typical Mammographic Appearance
The typical mammographic appearance of IBC includes diffuse enlargement of the breast, stromal coarsening, diffuse increased density, skin thickening, and enlarged lymph nodes (Fig 5a) (19, 20) . Mammographic findings are classified according to the American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) lexicon (21) . Less commonly seen mammographic features of IBC are multiple masses, pleomorphic calcifications, or architectural distortion (Fig 5b) . 
US for Pretreatment Workup
US can be used in the initial diagnostic workup for patients with clinical suspicion for IBC. If a discrete lump, focal erythema, or edema is found at physical examination or a mass is seen at mammography, US can help differentiate a benign cystic mass from a solid mass and characterize a solid mass according to the BI-RADS lexicon (21) . At US, mass margins are evaluated as smooth, irregular, or spiculated, and the size and extent of the mass are reported (Fig 6) .
Most importantly, US can identify the biopsy target and guide percutaneous core biopsy. At US-guided core biopsy, a clip is routinely placed to mark the biopsy location. Although patients with IBC will undergo mastectomy as standard surgical treatment, our pathologists find clip placement helpful to localize the tumor when assessing postchemotherapy tumor response, a factor that impacts prognosis (22, 23) . Mammography is performed after clip placement to document clip location. Mammograms also provide a baseline to assess tumor response and are useful for surgical planning.
MR Imaging
MR imaging may be helpful for initial diagnosis of IBC and to document the extent of disease in the incident breast and occult disease in the contralateral breast. MR images also provide a baseline for comparison with subsequent follow-up images to assess treatment response.
Diagnosis of IBC using conventional imaging modalities such as mammography and US may be challenging because the characteristic disease features of diffuse increased density, stromal coarsening, and skin thickening resemble the inflammatory changes of mastitis.
Because tissue diagnosis of malignancy is required to confirm IBC, the most appropriate target for biopsy should be selected to avoid a falsenegative result and subsequent delay in diagnosis. MR imaging is the most accurate imaging technique for detection of the primary breast lesion in patients with IBC (24, 25) . The primary breast lesion is detected at mammography in 68%-80% of cases, at US in 94%-95% of cases, and at MR imaging in 98%-100% of cases. If a mass or biopsy target is not detected at conventional imaging, MR imaging can help identify a biopsy target to confirm the diagnosis of IBC (Fig 7) .
Common findings of IBC on contrast-enhanced MR images are extensive or segmental nonmasslike enhancement and diffuse skin thickening (Fig 8) (20, (25) (26) (27) . MR imaging findings are classified according to the BI-RADS lexicon (21) . A mass with irregular or spiculated margins may manifest with adjacent satellites, multiple masses, or nonmasslike enhancement (24, 25) . Kinetics typically show initial rapid enhancement with washout or plateau curves (24) . Because there usually is extensive tumor involvement of the breast, tumor size may be difficult to measure with any imaging modality.
MR imaging findings of extraparenchymal disease include pectoralis muscle enhancement or tethering and loss of the prepectoral fat plane, which indicate possible tumor involvement of muscle. Lymphadenopathy may be seen in the axillary, subpectoral, interpectoral (Rotter node), supraclavicular, or internal mammary nodes. Because IBC involves rapid spread of tumor throughout the breast, extensive tumor typically is seen in the affected breast at MR imaging, and mastectomy is the standard surgical treatment. The contralateral breast should be checked for suspicious masses or nonmasslike enhancement. Because of the high incidence of metastases at diagnosis, the MR imaging field should include the liver; lungs; bone; and distant lymph nodes in the neck, mediastinum, and abdomen. Distant abnormalities typically require directed imaging for confirmation and possible biopsy.
MR imaging findings of IBC differ from those of LABC as follows: nonmasslike enhancement (73% for IBC versus 40% for LABC), skin thickening (53% versus 27%), skin edema (87% versus 27%), and skin enhancement (33% versus 7%) (26) . Additional imaging findings that occur more frequently with IBC than LABC include diffuse edema and prepectoral or intramuscular pectoral edema; diffuse cutaneous or subcutaneous and prepectoral high signal intensity on T2-weighted images indicating edema may increase the specificity for IBC (27, 28) .
PET/CT with Fluorine-18 Fluorodeoxyglucose for Initial Staging
Because of the high likelihood of metastases at diagnosis, positron emission tomography (PET)/ computed tomography (CT) with fluorine-18 ( 18 F) fluorodeoxyglucose (FDG) can be extremely beneficial in the initial evaluation and staging of IBC (29, 30) . FDG PET/CT can be used to detect the primary breast lesion; skin and ipsilateral axillary lymph node involvement; and additional regional lymph node involvement in the subpectoral, infraclavicular, and supraclavicular regions (24, (31) (32) (33) (34) . Additionally, the internal mammary lymph nodes are detected at FDG PET/CT in approximately 25% of patients with IBC (33, 34) . Accurate definition of the extent of lymph node involvement aids in radiation therapy planning (35) . Another advantage of FDG PET/CT for initial staging of IBC is its accuracy in detecting unexpected distant metastases (Fig 9) (33,34) . In a recent study of 35 patients with IBC, bone was the most common site of distant metastasis, and FDG PET/CT was more accurate than skeletal scintigraphy for detection (34) . At FDG PET/ CT, bone and soft tissue can be evaluated in a single imaging session.
Imaging Studies to Assess Treatment Response
After diagnosis of IBC, research core biopsies may be performed at our institution at baseline, during treatment, and after treatment before surgery. Research core biopsies typically are US-guided core biopsies of the known malignancy. Samples are collected to study molecular markers and clinical correlation, including treatment response. Clinical, imaging, pathologic, molecular, and genetic correlations also may be performed.
Other conventional imaging studies that may be performed during treatment include follow-up mammography, US, and MR imaging. If a discrete mass or pleomorphic calcifications are seen at initial mammography, follow-up mammography may be used to assess treatment response. If a mass is identified at initial US, follow-up US may be used to assess changes in mass size as an indicator of treatment response.
MR imaging is the best imaging modality for assessment of local response to treatment because of the high sensitivity of MR imaging studies, the extensive initial disease burden, and the possibility of associated findings. In a study of 24 patients with IBC by Shin et al (36) , MR imaging showed the best overall agreement between midtreatment response (k = 0.71 for MR imaging, 0.37 for US, 0.27 for mammography, 0.23 for clinical examination) and final predicted response (k = 0.82 for MR imaging, 0.62 for US, 0.42 for mammography, 0.44 for clinical examination) versus pathologic response. In a retrospective review of 24 patients with IBC, Chen et al (37) cautioned that MR imaging had a high false-negative rate (five of 24 cases, 21%) for complete response compared with pathologic response, particularly for non-mass-type lesions, which accounted for four of the five false-negative cases.
When IBC responds to neoadjuvant chemotherapy, posttherapy MR images may show decreased size or resolution of the primary mass, satellites, and nonmasslike enhancement, often with a corresponding decrease in lymphadenopathy (Fig  10) . Skin thickening may decrease or may persist because of damaged lymphatics. With stable or progressive disease, MR imaging will show no change in tumor size or an increase in tumor size, respectively. Treatment response can be assessed according to previously published methods and the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria (36) (37) (38) (39) .
FDG PET/CT to Monitor Treatment Response
FDG PET/CT is helpful to assess treatment response, including local response and metastatic disease (Fig 11) . A 50% decline in FDG uptake in the primary tumor is predictive of a good response to neoadjuvant chemotherapy (40) . Less than a 50% decline or no decline in FDG uptake is characteristic of a nonresponding tumor. FDG PET/CT could, therefore, serve as a noninvasive quantitative biomarker for treatment efficacy. Studies have shown that FDG PET/CT used early in the course of therapy can provide early assessment of treatment response and help predict subsequent pathologic response (41) . 
How Imaging Helps the Oncologist
Preoperative chemotherapy is the standard of care for patients with IBC. It controls systemic disease, optimizes treatment of local-regional disease, and renders inoperable IBC operable. Patients with a HER2-positive tumor receive preoperative trastuzumab therapy in addition to chemotherapy.
Imaging is used to stage IBC, differentiate between curable and incurable (stage IV) disease, and help the oncologist choose the appropriate chemotherapy agent. In the American Joint Commission on Cancer Staging staging system, IBC tumor size is classified as T4d, so IBC is at least stage IIIB at diagnosis (42) . IBC also can be stage IIIB (T4, N0-N2, M0), stage IIIC (any T, N3, M0), or stage IV (any T, any N, M1) at diagnosis.
Posttreatment imaging is used to confirm and quantitate disease response and determine whether further chemotherapy is necessary and whether surgery can proceed. If imaging shows poor treatment response or disease progression, the oncologist may opt to change chemotherapeutic agents. If no metastases are seen at posttreatment imaging, a contralateral mammogram is performed annually. If metastases are seen, ongoing imaging is performed to assess disease response.
How Imaging Helps the Surgeon
Modified radical mastectomy is the standard of care for patients with stage III IBC (43) . Accurate prediction of residual tumor burden after preoperative chemotherapy is helpful for surgical planning. Clinical assessment of disease response (resolution of breast edema and erythema) determines the appropriate timing of mastectomy. Persistent skin changes (peau d'orange or erythema) suggest residual disease and a low likelihood of clean surgical margins or tension-free skin closure. However, persistent skin changes may result from damaged lymphatic drainage even with adequate treatment response. In this setting, imaging plays a part in determining therapeutic response.
Palliative surgery may be appropriate for patients with stage IV IBC who experience an excellent systemic and local regional response to initial chemotherapy. Surgeons rely on findings from systemic imaging over time when considering the timing of surgery for these patients. Overall, the role of definitive local therapy (surgery and postmastectomy radiation) in treatment of patients with any stage IV disease, including IBC, is controversial. Definitive local therapy or separate therapeutic components (surgery or radiation alone) may be reasonable options in cases with more favorable disease biology or better therapeutic targets, such as ER positive or HER2 positive tumors.
Immediate breast reconstruction after mastectomy is strongly discouraged. There is a sense of urgency to complete oncologic therapy for highly locally aggressive IBC and ensure that postmastectomy radiation occurs approximately 4-6 weeks after surgery, and immediate breast reconstruction may produce healing delays. Furthermore, because of extensive skin involvement at presentation, IBC precludes skin-sparing mastectomy and makes immediate reconstruction highly challenging. Patients with IBC may undergo delayed reconstruction, which usually involves autologous tissue, 6 months or more after postmastectomy radiation therapy. Implant-based reconstruction is discouraged for patients who have undergone chest wall radiation.
Simultaneous contralateral prophylactic mastectomy is strongly discouraged. It does not improve survival rates and may delay treatment of the primary cancer (IBC) if there are surgery-related complications of the contralateral mastectomy.
How Imaging Helps the Radiation Oncologist
Imaging helps determine the extent and location of the primary tumor as well as involvement of nonpalpable regional lymph nodes and helps in tumor staging. If there is no metastatic disease, the standard of care is for all patients with IBC to undergo radiation therapy after mastectomy (44) . Standard radiation fields include the chest wall and supraclavicular and infraclavicular regions and often the axillary and internal mammary lymph nodes.
Imaging findings may lead to modification of the radiation fields. For example, for the patient shown in Figure 11 , FDG uptake in the internal mammary nodes and scapularis at PET/CT demonstrated metastases not initially seen at MR or other imaging because of large patient body habitus, difficulty of patient positioning, and poor fat suppression. The more extensive disease burden seen at FDG PET/CT warranted extension of the postsurgical radiation fields. Figure 12 provides an example of postmastectomy radiation portals in a patient with IBC. Some patients with metastatic IBC may benefit from local disease control (mastectomy or radiation therapy).
Role of Molecular Imaging
Because IBC may alter dermal lymphatics, patients often have persistent skin thickening or erythema at posttreatment clinical examination or anatomic imaging, even in the absence of disease. Figure 13 shows a patient with extensive disease seen at initial MR imaging. Posttreatment Figure 12 . Postmastectomy radiation therapy portals in a patient with IBC. Axial CT image with color overlays shows radiation dose distribution when shallow tangential fields are matched to an anterior (Ant) angled electron field. This configuration allows heart sparing when the heart is in close proximity to the treatment area. Yellow lines = 95% of prescribed radiation dose.
F-dihydrotestosterone (FDHT) to image the androgen receptor.
These tracers have potential use for imaging of IBC because they can help characterize tumors in vivo, quantitate the target, assess drug targeting, determine patient-specific drug dosing from in vivo tumor characteristics and patient-specific ki- MR imaging showed a persistent 1.7-cm enhancing mass and skin thickening, findings suggestive of residual tumor. At mastectomy, a complete pathologic response was seen. Targeted molecular imaging may help determine disease response more accurately and help tailor more effective treatment.
Molecular imaging techniques include radiotracer, optical, and MR imaging. Applications for molecular imaging are increasing, with parallel advances in knowledge of tumor biology and new drug discoveries (45) . To date, functional imaging with radiotracers is the most widely used molecular imaging modality in clinical practice and in clinical and translational research. In addition to FDG, PET radiotracers and their biologically relevant targets in breast cancer include 18 F-sodium fluoride (NaF) to image osteoblastic activity, Zr-bevacizumab to image vascular endothelial growth factor, and netics, and assess response to targeted therapies. Inclusion of molecular imaging in the management schema for IBC could lead to more optimal drug therapy for patients and new drug and regimen development.
Imaging for Recurrence, Restaging, and Metastases
Follow-up Imaging
Follow-up imaging after trimodality treatment of IBC includes annual mammography to detect new contralateral breast cancer. Systemic staging studies such as CT or PET scans of the chest, abdomen, and pelvis typically are performed only for stage IV disease or to evaluate specific symptoms.
Secondary IBC
Secondary IBC is an inflammatory recurrence of noninflammatory primary breast cancer; that is, a recurrence of breast cancer that manifests with classic IBC characteristics in the treated breast of a patient with previous non-IBC breast cancer (Fig 14) (6,7) . The natural history of secondary IBC is similar to that of primary IBC.
Prognosis and Significance
Patients who complete all three treatment modalities (neoadjuvant chemotherapy, modified radical mastectomy, and radiation therapy) have a significantly better outcome than patients who do not complete treatment (46) . If imaging is used to noninvasively predict treatment response early during the course of therapy, more optimal and tailored management strategies for patients with IBC can be implemented. In patients with metastatic disease, treatment goals are to prolong life, optimize quality of life, and control local disease. The pathogenesis and highly virulent course of IBC underscore the need to understand its molecular mechanisms and focus on clinical trials that use novel targeting agents. 
